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TramadolIt has been claimed that, in contrast to most opioids, tramadol does not suppress immune functions. We
therefore, studied the effects of tramadol in comparison to morphine, on the number of phagocytes and the
number of sheep red blood cells (SRBCs) engulfed by each individual cell (phagocytic index) of mouse
peritoneal phagocyte.
In an experimental study, 63 BALB/c mice received morphine, tramadol or saline intraperitoneally. On days 3,
5, and 10, the peritoneal phagocytes were incubated with an equal number of SRBCs. The cells were then
cytocentrifuged onto gelatin-coated slides and examined microscopically.
Ten days after the start of drug administration, the number of phagocytes and the phagocytic index reduced
in morphine group (Pb0.05), and enhanced in tramadol group (Pb0.05).
In conclusion, tramadol stimulation of immune system may offer a good alternative to morphine for the
treatment of patients in whom immunosuppression might be hazardous or in patients who cannot tolerate
the side effects of morphine.© 2009 Published by Elsevier B.V.1. IntroductionOpioids are known to have inhibitory effects on humoral and cellular
immune responses including decreasing lymphoproliferation, natural
killer (NK) activity, macrophage functions, and the production of
interferon-γ and interleukin-2 in the rodent [1–3].
The presence of opioid receptors outside the central nervous system
is increasingly recognized. These receptors have been identiﬁed not only
in peripheral nerves but also in immune inﬂammatory cells [4]. Mu-
opioid receptor expression may be altered under conditions like
inﬂammation [5]. Opiates modulate the immune response by interac-
tion with these receptors [6].
The immunosuppression mediated by opiates may explain the
increased incidence of infection in opioid abusers [3]. Consistent with
these observations, morphine administration has been associated
with increased susceptibility of animals or human to bacterial and
viral infections [7–9], and with decreased survival in tumor-bearing
animals [10,11].
The therapeutic use of morphine might, therefore, be relatively
contraindicated in patients in whom immunosuppression may be
hazardous, especially inpostoperative period, inwhich the functionality
of the immune system is already compromised by stress exposure [12].
Therefore, introduction of an alternative analgesic in these situations
would be essential.+98 381 3334911.
paei).
lsevier B.V.Tramadol is a centrally acting, analgesic drug, with a double
mechanism of action; it binds with low afﬁnity to Mu-opioid receptors,
and activates central monoaminergic pathways inhibiting the neuronal
uptake of serotonin and noradrenaline [13,14].
Several reports address the role of macrophages in morphine-
induced modulation of immunity [15,16]. It has been suggested that, in
contrast to morphine, tramadol does not suppress cellular immune
functions, but it increases the activity of the immune system [17].
Therefore, in this study we aimed to compare the effects of
tramadol with morphine on the phagocytosis of mice peritoneal
phagocytes. The capacity of peritoneal phagocytes to engulf red blood
cells was further investigated.
2. Materials and methods
In an experimental study, 63 six-week-old male BALB/c mice
(Pasteur Institute, Tehran), with an average weight of 20±2 g, were
designated in three groups. Animals were housed at 22±2 ° C, with
light:dark cycle of about 14:10 h and the interventions were blinded in
each stages of experiment for the researcher who carried out the
phagocytic study. First group received 20 mg/kg on day 1, 40 mg/kg on
day 2, and 60mg/kg on day 3, of morphine (Darupakhsh Pharmacy Co.,
Tehran, Iran) intraperitoneally (i.p.) twice a day and 80 mg/kg for
following the seven days. Second group treated with the same doses of
tramadol (Alborz Pharmacy Co., Tehran, Iran) (In a pilot study tramadol
treated mice with equianalgesic doses of morphine underwent seizure,
therefore the same doses of morphine were used for tramadol). The
Table 2
The number of erythrocytes ingested phagocyte (phagocytic index) in three different
days.
Group RBC in
Phagocytes
Percentage of phagocytes
Test day
3 5 10
Morphine N4 18 21 12a
2 and 3 43 43 34
1 39 36 54
Tramadol N4 39 28 51b
2 and 3 13 37 20
1 48 35 29
Saline b4 43 40 20c
2 and 3 22 35 71
1 35 25 9
Results are presented as the mean percent phagocytes for groups of 7 mice. ANOVA and
post-hoc Tukey test showed difference between groups; a and c (Pb0.05), b and c
(Pb0.001) and a and b (Pb0.001) just for day ten. The differences for days 3 and 5 were
not signiﬁcant.
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Co., Tehran, Iran) i.p. in volume of 0.5 ml, as scheduled for the ﬁrst two
groups. Sevenmice of each groupwere sacriﬁced by cervical dislocation
on days 3, 5 and 10. The skin of the abdomenwas removed and 5 ml of
tissue culture media (TCM) was injected into peritoneal cavity of each
mouse. After slow massage the peritoneal ﬂuid was collected using a
5 ml syringe. The collected ﬂuid was centrifuged at 1200 rpm for 5 min.
The precipitated cells of each individual mouse were counted under
light microscope and suspended at concentration 2×106 cells per
millimeter in TCM. The collected cells were then incubated with sheep
red blood cells (SRBCs) being opsonized with 10% mouse anti-sheep Ig
as previously reported [18]. The cell suspensions were gently rotated at
1 rpm and 37 °C for 30min. Appropriate aliquots of the cell suspensions
were harvested, and after two washes with ice-cold HBSS (Hank's
Balanced Salt Solution) the cells were cytocentrifuged onto gelatin-
coated slides and microscopically examined for phagocytosis of SRBCs.
The percentage of phagocytes engulfed SRBCs and the number of
erythrocytes ingested per cells (phagocytic index) [19,20], were
statistically analysed by one way ANOVA followed by Tukey test for
multiple comparisons.
3. Results
Animal characteristics were homogeneous in three groups. Three
and ﬁve days following morphine or tramadol administration, the
number of phagocytes (cells with one or more sheep RBC) was not
different compared to control group. However, 10 days after the
beginning of drug administration, the number of phagocytes in 100
peritoneal cells in morphine group (22±8; Pb0.05), and in tramadol
group (49±7; Pb0.05) were signiﬁcantly different in comparison to
control group (32±2), (Table 1).
Experiment was carried out to determine if morphine and
tramadol affected the number of SRBCs ingested per cell (phagocytic
index). Results showed that the percent of phagocytes engulfed 4, 2–3
and 1 RBC on days 3 and 5 in all three groups were not signiﬁcantly
different, but this index for just day 10 was 12%, 34% and 54%,
respectively in morphine treated group (Pb0.001), 51%, 20% and 29%
in tramadol treated group (Pb0.05), compared to control group which
was 20%, 71%, 9%, (Table 2).
4. Discussion
Three and ﬁve days after morphine or tramadol administration, the
number of phagocytes and the number of erythrocytes engulfed by
each individual cell (phagocytic index) were not signiﬁcantly different
compared to saline group. These parameters were reduced in
morphine group and increased in tramadol group, 10 days after the
beginning of drug administration. Furthermore our results showed a
parallel increasing pattern in the number of phagocytes in all three
groups, from days 3 to 10. The mechanism involved in this
phenomenon is not clearly understood. It could be considered as
repeated intra peritoneal injection, which may cause localized
inﬂammation. However, since this phenomenon can be postulated
for all three groups, it might not have any effects on our results.Table 1
The number of phagocytes per 100 peritoneal cells in different groups of mice.
Group Test day
3 5 10
Morphine 11±6 14 ±3 22±8a
Tramadol 20± 4 23±8 49±7b
Saline 18±9 19±11 32±2c
Results are presented as mean phagocytes numbers ±SD for groups of 7 mice.
ANOVA and post-hoc Tukey test showed difference between groups; a and c (pb0.05),
b and c (pb0.05) and a and b (pb0.001) just for day ten. The differences for days 3 and 5
were not signiﬁcant.Additionally, we considered the number of erythrocytes in each cell
(phagocytic index) as phagocytic capacity in each group (the more
SRBCs in each phagocytewas considered as higher phagocytic capacity).
Results showed that the number of phagocyteswith 4 ormore SRBCs on
day 10 in tramadol group was more, and in morphine group was less
than saline group. Thismaymean that sub-acute administration of these
two drugsmight not affect the immune system. However, chronic usage
of morphine may decrease the immune activity but tramadol enhances
it. These results are partly in agreement with the results of Sacerdote et
al. [21]. In this study 2 h after morphine administration no signiﬁcant
modiﬁcation of NK activity was observed, indicating no modiﬁcation of
immune system in acute administration of this drug.
In the present study, morphine and tramadol did not have any
effect on phagocytosis on the third and ﬁfth days of the experiment.
However, on the 10th day, morphine reduced and tramadol enhanced
it. The mechanism in which the effects of these compounds appear
with delay is not clear. A same phenomenon takes place for some
other drugs such as antidepressants. The therapeutic effects of these
drugs appear following one or two weeks of drug administration, but
their pharmacologic activities can be detected soon after drug usage
[22].
It has been shown that tramadol has not had any effect on
phagocytes population or the number of latex particles phagocytized
(phagocytic index) by polymorphnuclear cells and monocytes.
However morphine dose dependently has decreased the monocyte
phagocyting index, following incubationwith the drug [19]. Difference
between the results of the above study and our experiment for
tramadol may be due to differences in drug dose, exposure time,
methods of the studies or species variations.
Although morphine and tramadol share Mu-opioid mechanisms
for their analgesic activities, however, the analgesic effects of tramadol
aremediated also via a separate, non opioidmechanism, caused by the
inhibition of neuronal uptake of noradrenaline and serotonin [[14,17].
These differences may account for the diverse pharmacodynamic
activities of morphine and tramadol on immune functions.
The involvement of the noradrenergic and serotoninergic systems
in neural–immune interactions has been studied by using different
experimental models. Although both enhancement and reduction of
immune responses have been related to the activation of the
noradrenergic system [23], the increase of serotoninergic tone has
usually been associated with stimulation of NK activity and lympho-
cyte proliferation [[21,24]. Consistent with these observations, drugs
which increase serotoninergic tone, such as D-fenﬂuramine and
ﬂuoxetine, stimulate immune function in rodents [24]. Moreover, in
the mouse, the immune effects of tramadol on lymphoproliferation
and NK activity were prevented by the administration of the
nonspeciﬁc serotoninergic antagonist metergoline [21], indicating an
970 H. Shirzad et al. / International Immunopharmacology 9 (2009) 968–970involvement of the serotoninergic system in the immune effects of
this drug. Interestingly, tramadol, when added in vitro to splenocyte
cultures [21], was not able to modulate either proliferation or NK
activity, thus eliminating a direct effect of the drug on immune cells.
Therefore, it can be suggested that activation of the serotoninergic
system might be involved in the immune effects of tramadol.
Compared to most opioids, tramadol has a lower incidence of side
effects such as respiratory depression, nausea, vomiting, constipation,
and sedation. It may beneﬁt patients with history of peptic ulceration,
asthma or opioid dependence and patients whowill require long term
pain treatment [25].
In conclusion, the immune function is differently affected by
morphine and tramadol. Analgesic drugs like tramadol devoid of
immunosuppressive effects or with stimulus activity offer a good
alternative to morphine for the treatment of patients in whom
immunosuppression might be hazardous or in patients who cannot
tolerate the side effects of morphine.
References
[1] Sacerdote P, Manfredi B, Mantegazza P, Panerai AE. Antinociceptive and
immunosuppressive effects of opiate drugs: a structure-related activity study. Br
J Pharmacol 1997a;121:834–40.
[2] Liang-Suo J, Gomez-Flores R, Weber RJ. Immunosuppression induced by central
action of morphine is not blocked by mifepristone (RU 486). Life Sci 2002;71:
2595–602.
[3] Vallejo R, de Leon-Casasola , O, Benyamin R. Opioid therapy and immunosuppres-
sion: review. Am J Ther Sep–Oct 2004;11(5):354–65.
[4] Sheen CH, Schleimer RP, Kulka M. Codeine induces humanmast cell chemokine and
cytokine production: involvement of G-protein activation. Allergy May 2007;62(5):
532.
[5] Kraus J, Börner C, Lendeckel U, Höllt V. Interferon-gamma down-regulates
transcription of the Mu-opioid receptor gene in neuronal and immune cells.
J Neuroimmunol 2006 Dec;181(1–2):13–8.
[6] Stanojević S, Mitić K, Vujić V, Kovacević-Jovanović V, Dimitrijević M. Beta-
endorphin differentially affects inﬂammation in two inbred rat strains. Eur J
Pharmacol Nov 7 2006;549(1–3):157–65.
[7] Risdahl JM, Khanna KV, Peterson KW, Molitor TW. Opiates and infections.
J Neuroimmunol 1998;83:4–18.
[8] Asakura H, Kawamoto K, Igimi S, Yamamoto S, Makino S. Enhancement of mice
susceptibility to infection with Listeria monocytogenes by the treatment of
morphine. Microbiol Immunol 2006;50(7):543–7.[9] Bhaskaran M, Kapasi AA, Reddy K, Singhal PC. Morphine priming rescues high-
dose morphine-induced biological perturbations. J Infect Dis Jun 15 2007;195(12):
1860–9.
[10] Yeager MP, Colacchio TA. Effect of morphine on growth of metastatic colon cancer
in vivo. Arch Surg 1991;126:454–6.
[11] Franchi S, Panerai AE, Sacerdote P. Buprenorphine ameliorates the effect of surgery
on hypothalamus-pituitary-adrenal axis, natural killer cell activity and metastatic
colonization in rats in comparison with morphine or fentanyl treatment. Brain
Behav Immun 2007 Aug;21(6):767–74.
[12] Sacerdote P, Bianchi M, Gaspani L, Manfredi B, Maucione A, Terno G, et al. The
effects of tramadol and morphine on immune responses and pain after surgery in
cancer patients. Anesth Analg 2000(90):1411–4.
[13] Driessen B, Reimann W. Interaction of the central analgesic tramadol, with the
uptake and release of 5-hydroxytryptamine in the rat brain in vitro. Br J Pharmacol
1992(105):147–51.
[14] Driessen B, Reimann W, Giertz H. Effects of the central analgesic tramadol on the
uptake and release of noradrenaline and dopamine in vitro. Br J Pharmacol
1993;108:806–11.
[15] Malik AA, Radhakrishnan N, Reddy K, Smith AD, Singhal PC. Morphine-induced
macrophage apoptosis modulates migration of macrophages: use of in vitromodel
of urinary tract infection. J Endourol 2002;16:605–10.
[16] Bhaskaran M. Morphine-induced degradation of the host defense barrier: role of
macrophage injury. J Infect Dis 2001;184:1524–31.
[17] Sacerdote P, Bianchi M, Manfredi B, Panerai AE. Effects of tramadol on immune
responses and nociceptive thresholds in mice. Pain 1997b;72:325–30.
[18] Shirzadeh H, Clarke GR, McNeil HP, Hongwei W, Burton RC, Smart YC. An IL-3
induced splenic NC-11+ mast cell line mediate natural cytotoxicity independent
of TNF-a. Cell Immunol 1996;174:147–54.
[19] Beilin B, Grinevich G, Yardeni IZ, Bessler H. Tramadol does not impair the
phagocytic capacity of human peripheral blood cells. Can J Anaesth 2005;52(10):
1035–9.
[20] Lázaro María I, Tomassini Nilka, González Isabel, Renaud Fernando L. Reversibility
of morphine effects on phagocytosis by murine macrophages. Drug Alcohol
Depend February 1 2000;58(1–2):159–64.
[21] Sacerdote P, Bianchi M, Gaspani L, Panerai AE. Effects of tramadol and its
enantiomers on concanavalin-A induced proliferation and NK activity of mouse
splenocytes: involvement of serotonin. Int J Immunopharmacol 1999;21:727–34.
[22] Laurence DR, Bennett PN. Clinical Pharmacology. 6th edition. Singapore: Cherchill
Livingston; 1987. p. 343–70.
[23] Livnat S, Felten SY, Carlson SL, Bellinger DL, Felten DL. Involvement of peripheral
and central catecholamine systems in neural–immune interactions. J Neuroimmunol
1985;10: 5–30.
[24] Mossner R, Lesch KP. Role of serotonin in the immune system and in neuroimmune
interaction. Brain Behav Immun 1998;12:249–71.
[25] Budd K. Pain management: is opioid immunosuppression a clinical problem?
Biomed Pharmacother 2006;60(7):310–7.
